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The frequency d i s t r i b u t i o n s  of ash and s u l f u r  percent-  
ages f o r  coa ls  of t h e  United S t a t e s  a r e  presented graphica l ly ,  
including coa ls  from t h e  various cozl producing count ies  and 
c o a l  beds of 30 states plus  Alaska. 
included, The range of ash and s u l f u r  p r c e n t a g e s  and t h e i r  
r e l a t i v e  frequency are s h m  by the  graphs. 

Coals of a l l  ranks a r e  

The percentages of p y r i t i c ,  organic and suLfate s u l f u r  
a r e  shown versus t o t a l  sulfur, f o r  c w l s  of Ohio and I l l i n o i s .  
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i 

of coals of t h e  United S t a t e s .  The coa l  reserves  of America a r e  so vast  and diver-  1 
s i f i e d  t h a t  t h e  s u b j e c t  can be presented i n  only a general  way i n  t h i s  short  paper. 
However, t h e  summarized-technical information which fol lows should provide a usefu l  
s t a t i s t i c a l  background f o r  t h e  s tudy  of  p a r t i c u l a r  phases o f  ash  and s u l f u r  i n  coa l .{  

l i c a t i o n s  of  t h e  United S t a t e s  Bureau of Mines, contain t h e  analyses  of t e n s  of 
thousands of samples of c o a l  which have been c o l l e c t e d  and analyzed by carefu l ly  
prescr ibed methods, 
t h e  mine, o r  drill-core samples, both of which represent  t h e  n a t u r a l  c o a l  as it l i e s  
i n  t h e  ground. 

This paper d iscusses  t h e  frequency d i s t r i b u t i o n  of ash and s u l f u r  contents  

4 

The publ ica t ions  of Federa l  and S t a t e  agencies, and p a r t i c u l a r l y  t h e  pub- 

. 
Yiny of t h e s e  were channel samples cu t  across  t h e  c o a l  bed i n  

However, a l a r g e  proport ion of t h e  analyses ,  p a r t i c u l a r l y  those published 
i n  r e c e n t  years ,  are of  samples taken at mine t i p p l e s  as t h e  c o a l  w a s  being loaded 
i n t o  r a i l r o a d  c a r s  o r  t r u c k s ,  o r  of de l ivered  coal .  These t i p p l e  o r  del ivered I 

samples represent  commercial shipnents  of c o a l  which i n  most cases  has  been sized, 2 

cleaned o r  otherwise prepared for  market. 
/ 

.Ash and Sul fur  of Typica l  U. S. Coals 

The number o f  publ ished c o a l  analyses  i s  so great t h a t  t h e  study of f r e -  
quency d i s t r i b u t i o n  w i l l  be g r e a t l y  f a c i l i t a t e d  by using a series of t y p i c a l  coa l  
analpes The most convenient re ference  i s  "Typical Analyses o f  Coals of the United ~ 

S t a t e s "  tl) published i n  1942 and r e p r i n t e d  i n  1954. I 

which were c a r e f u l l y  s e l e c t e d  t o  exemplify t h e  a n a l y s i s  of c o a l  mined and shipped i n  
each coal-producing county of t h e  United S ta tes ,  and where f e a s i b l e ,  coa l  from each 
bed i n  each county. 

This conta ins  737 analyses 

These ana lyses  were s e l e c t e d  t o  represent  t y p i c a l  commercial shipments at 
that  time, and some of t h e  c o a l  had been mechanically cleaned. 
s ize  was being prepared, t h e  average ana lys i s  of t h e  t o t a l  c o a l  shipped was computed 
from t h e  ana lys i s  of each s i z e  t h a t  was sampled. 
ana lyses  which are graphed i n  Figures  1 and 2. (The o r i g i n a l  reference, in about 25$ 
of t h e  cases, also shows t h e  range i n  a n a l y s i s  which could be expected i n  coals from 
a given county. ) 

and t h a t  90% of  t h e  ana lyses  f a l l  wi th in  t h e  limits of 2.5% t o  13% ash.  The s u l f u r  
content  peaks at 0.6$ but  i s  a very skewed curve, and only 57% o f  t h e  analyses f a l l  
w i t h i n  t h e  limits of 0.3 t o  1.4% s u l f u r .  

in Figures  1 and 2, it should be kept  i n  mind t h a t  these  analyses  include coals  of 
a l l  ranks , that is l i g n i t e s ,  subbituminous and bituminous coals ,  and an thrac i tes ,  
occur r ing  i n  3 states plus Masha. 

When more than one 

It is  these  t y p i c a l  composite 

It is seen t h a t  t h e  a s h  content  on t h e  "as-received'' b a s i s  peaks a t  g$ ash,  

In consider ing t h e  d i s t r i b u t i o n  and range of ash and s u l f u r  analyses shown 
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It m u s t  a l s o  be kept i n  mind t h a t  these  analyses  were publ ished i n  19.942, 
and were o r i g i n a l l y  assembled for use under t h e  Bituminous Coal Act or' 1937, so  they 
a r e  about twenty years o ld .  During thcz past  twenty years ,  t h e r e  has  been a four fo ld  
increase  i n  the  percentage of coa l  production t h a t  is  ciechanically lcaded end a sin- 
ilar increase i n  the  percentage t h a t  is n.?chanically cleaned. Also, t h e r e  have keen 
soroe changes i n  t h e  mines and c o a l  beds worked. Thus it night  be  supposed t h a t  the 
d a t a  shown i n  Figurzs 1 and 2 a r e  obsolete .  However, some of t h e s e  changes tend  t o  
compensate f o r  each o ther .  

Ash and Sulfur  i n  Federal  Coal Purchases - 1956 
No new study of t y p i c a l  c o a l s  of t h e  U. S. has been published i n  recent  

years ,  b u t  it w i l l  be i n t e r e s t i n g  t o  compare t h e  ana lyses  of  t i p p l e  and de l ivered  
samples of coa l  purchased by t h e  Federal  Governnent i n  a recent  year .  
recent  publ icat ion i n  t h i s  s e r i e s  contains  t h e  analyses  of sanples  co l lec ted  f o r  t h e  
f i s c a l  year  1956(2). 
states plus  Alaska. 
i n g  from la rge  lump t o  small s lack ,  r a t h e r  than t h e  t o t a l  c o a l  fron a mine, 
analyses  of screened s i z e s  from a given coa l  mine m y  vary s u b s t a n t i a l l y  f r o n  eech 
o ther .  ) 

Tne Eost 

This gives 1646 analyses  of c o a l s  o f  all ranks,  z i x d  i n  22 

(The 
A la rge  proport ion of t h e  samples represent  screened sizes racg- 

For most of t h e  government c o a l  purchases t h e  b idders  sFecify t h e  acalysis 
of t h e  c o a l  which they are of fer ing ,  snd the  a n a l y s i s  guaranteed by t h e  s u c c ~ s s f i l l  
b idder  becomes t h e  s tandard of  h i s  cont rac t .  The d e l i v e r i e s  are samFled and agalyzed 
t o  deternine whether t h e  c o a l  i s  of t h e  q u a l i t y  gaaranteed. 
purchased about 5 mi l l ion  tons  o f  coa l  i n  f i s c a l  year  1956, which was ussd c h i e f l y  
f o r  hea t ing  government bui ld ings  and i n s t a l l a t i o n s  . 
1s of t h e  t o t a l  c o a l  produced i n  t h e  United S t a t e s .  

me Federa l  Gcvermert  

Such purchzses represented sbout 

The anal'jses shown i n  Reference 2 and Figures  3 and 4 do include ccz1 
purchased by the  Tennessee Valley Authority, whose s tean  p lan ts  received li',58k,QOO 
tons  of coa l  during f i s c a l  1956. 

The ash and sulfur  contents  on t h e  dry b a s i s  of goverment  purchases o f  
various coa l  sizes i n  1956 are shown i n  Figures 3 and 4. 
i l a r i t y  I n  t h e  frequency d i s t r i b u t i o n  of ash and s u l f u r  o f  these  recent  sanples ~ r i t h  
the  e a r l i e r  analyses shown i n  Figure 1 and 2 (which represented t h e  conposi tes  o f  
c o a l  s i z e s  on an as-received b a s i s ) .  

Tcere is  a s t r i k i g g  s i n -  

The recent  analyses  peak a t  6.5 t o  9% ash, and 91s of t h e  analyses  f a l l  
wi th in  t h e  range of 1-1/2$ t o  13s ash.  
a t  O.@p, and has a very skewed curve, with 7@$ of t h e  analyses  f a l l i f i g  within the 
liffiits of 0.2$ t o  1.4% s u l f u r .  
but  a r e  q u i t e  similar on t h e  average t o  t h e  earlier analyses .  

As i n  t h e  e a r l i e r  analyses ,  t h e  s u l f u r  ~ z k s  

Thus t h e  recent  analyses  show s l i g h t l y  cleacei- coal ,  

It must be emphasized t h a t  none o f  t h e  foregoing graphs a r e  "weighted" v i t h  
respec t  t o  the  toncage of c o a l  represented.  
represent  anything from a s ingle  t ruck  delive-ry of 1 t o  5 tons,  t o  the  average o f  a 
year's rece ip ts  of a c e r t a i n  s i z e  coa l  f r o n  a c e r t a i n  mine, t o t a l l i n g  more than 
50,000 tons.  
largesx s p e c i f i c  i n d u s t r i a l  uses, namely e l e c t r i c  u t i l i t i e s  and coke p l a n t s .  

!Bus i n  Figures ?and 4, an ana lys i s  clay 

Furthermore, Figures 3 and 4 do not include c o a l  purchased for  t h e  t v o  

Figure 5 represents  an attempt t o  compile sulfur percentage frequencies  
weighted for  t h e  tonnage of t o t a l  bituminous coa l  produced i n  the  e a s t e r n  U. S.  
d a t a  were obtained by mult iplying t h e  tonnage o f  c o a l  oroduced i n  each bi tuninous-  
coal-pioducing county of t h e  eas te rn  h a l f  of t h e  U. S. i n  1953(3) by t h e  " typica l"  
s u l f u r  f o r  t h a t  county(1). 
r e s u l t s  may not be close t o  t h e  t r u e  f i g u r e s  i n  sone indiv idua l  cases .  

?he 

This method w i l l  give only a n  approximation and t h e  
However, wken 

.I' 
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a number of such r e s u l t s  are combined, a s  i n  Figure 5 )  the  f i g W e s  should be  indica-  
t i v e  i n  a genera l  way. I n  any case ,  t h e  writer does not know of aiq o ther  attempt 
t o  present  t h e  s u l f u r  conten ts  of such a l a r g e  p=oportion of U. S. c o a l  shipments, 

'I 

,, 
; . 

Figure 5 i n d i c a t e s  two peaks f o r  s u l f u r  content ,  wi th  one a t  about 0.8$ 
and t h e  other  at 1.3$ s u l f u r ,  
t h e  bituminous c o a l  shipped i n  t h e  e a s t e r n  h a l f  of  t h e  U. S. i n  1953 was i n  the  
range of O.5$ t o  1.4% s u l f u r  content .  
K. S. coals were used f o r  making Oven coke i n  t h e  United States and Canada, or  were 
exported overseas Eos t ly  for  m e t a l l u r g i c a l  uses.) Figure 5 a l s o  shows t h a t  substan- 
t i a l  tonnages were shipped of c o a l  i n  t h e  3-48 s u l f u r  range (e.g. , f o r  power genera- 
t i o n . )  

If t h e  es t imates  a r e  v a l i d ,  213 loi l l ion t o n s  o r  50% of I 
I 

( In t h a t  year ,  119 m i l l i o n  tons  Of good pur i ty  

The d a t a  i n  Figure 5 a r e  not c lose ly  comparable with Figures 2 and 4, s ince 
F igure  5 shows only b i tun inous  c o a l s  i n  t h e  e a s t e r n  h a l f  of t h e  Unfted S t a t e s  (be- 
ccuse t h e  d a t a  were conputed f o r  a special survey.) Excluded are a l l  l i g n i t e ,  sub- 
bituninous c o a l  and a n t h r a c i t e  wherever produced i n  t h e  U. s., and a l l  bituminous 
c o a l s  uined i n  t h e  western h a l f  of t h e  U. S. Such excluded coal ,  most of which was 
moderate t o  low i n  s u l f u r  content ,  amounted t o  65 m i l l i o n  tons,  o r  1% of t h e  t o t a l  
U. S. c o a l  produced i n  t h a t  y e a r .  No attempt has  been made t o  estimate weighted 
tonnages by ash content  f o r  1953 shipments. 

Ash ar,d Sul fur  i n  Pktallurgical Coals 

The fo l lowing  items are o f  i n t e r e s t  i n  connection with t h e  p u r i t y  of coals  
used for coke manufacture. 

S a i y s i s  of Cven Coke i n  t h e  U. S., 1943-45 and 1951-53(3J p* 226) 

Year - 
Blast-Furnace Coke* Foundry Coke 

$ Sulfur  $ Sulfur  

1943 . . . . . . . .  9.7 0 .8 8.1 0.6 . . . . . . . .  0.6 1944 10.2 0.8 8.3  
1945 . . . . . . . .  10.5 0.8 8.6 0.6 
1951 . . . . . . . .  3.9 0.9 8.7 0.6 
1952 . . . . . . . .  9.9 0.9 8.7 0.6 
195: . . . . . . . .  9.7 0.9 8.7 0.6 

"1943-45 ana lyses  include a l l  coke o ther  than  foundry, and are 
presuned t o  be mostly b las t - furnace  coke. 

then c o a l  i s  coked, t h e  average y i e l d  of coke plus  coke breeze is  about 

A l l  of t h e  ash  remains i n  t h e  coke and breeze, so t h a t  t h e  

The w r i t e r  has found by graphic  s t u d i e s  not presented here, t h a t  t h e  su l fur  per- 

Thus t h e  co21 mixtures coked i n  1953 probably averaged s l i g h t l y  over 0 . 8  and 

7%; of t h e  veight of  c o a l  i n  Vie case of blast-furnace coke, and somewhat higher i n  
The case of foundry coke. 
a s h  content  of cc31 used l o r  uaking coke i n  1953 evident ly  averaged s l i g h t l y  over 
77;. 
centege i n  oven coke i s  similar t o  but  usua l ly  s l i g h t l y  lower than t h a t  i n  t h e  coa l  
used. 
0.G s u l f u r  r e s p e c t i v e l y  f o r  t h e  two types of m e t a l l u r g i c a l  coke. 

of metal lurg 'c  1 coke, e i t h e r  as mined o r  a f t e r  benef ic ia t ion ,  t h e  U. S. Bureau Of 
In  a sei-ies or' r e p o r t s  i n v e s t i g a t i n g  U. S. c o a l s  s u i t a b l e  f o r  t h e  production 

Mines states t77 : 

"According t o  present-day s tandards f o r  meta l lurg ica l  coa l ,  man7 
b e l i e v e  t h a t ,  on t h e  d r y  basis, t h e  s u l f u r  content o f  t h e  coa l  should not 
exceed 1.25 percent  and t h e  ash  8 percent .  Coal with more than t h i s  amount 
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of sulflq has been used f o r  uaking x e t a l l u r g i c a i  coke, e s 9 e c i a l l j  when 
blended witin coa l  containing less sulfur. I n t h i s  s e r i e s  of repor t s ,  1.25 
?ercent  s u i f u r  i s  used as a gage t o  determine whether or not  a c o a l  can be 
used t o  produce netel l .urgica1 coke. " 

I n  any given i n d u s t r i a l  area, t h e  maxifim a s h  and sulfur percentages t h a t  
\ r i l l  be acce i tab le  i n  inetal l i l rgical  coals  w i l l  depend u?on t h e  p u r i t y  and de l ive-ed  
c o s t  of t k e  ova i iab le  cokiLng coals ,  t h e  kind of i r o n  ore  used, e t c .  

Suli'Lr Form i n  U. S. Coals 
. .  

Three forms of s u l f u r  a r e  recognized i n  coa l :  ( a )  sulfur coabined v i t h  
i r o n  (FeS2) a s  p y r i t e  or marcasi te  and known as p-yr i t ic  sulfur, ( b )  sulfcz cookiiied. 
with t h e  coa l  subs tame as organic  sulfur, and ( c )  smll q u m t i t i e s  of  suir"z',e sulfu 
i n  Liie form of calcium s u l f a t e  o r  i r o n  s u l f a t e .  Fres:iLy(gjned ur-oxidized c o a l  usu- 
a l l y  conteics  only a very small mount of sulfate sulfur . 

Figures 6 and 7 show f o r  Ohio and I l l i n o i s  coa ls ,  the d i s t r i b u t i o n  of 
organic ,  p y r i t i c  and s u l f a t e  sulfur percentages versus  t o t a l  sulfur. It ;rill ie 
seen that organic s u l f u r  mounts  t o  20 t o  5@ of t h e  t o t a l  i n  most coe ls  frcm these 
s ta- les , that  p y r i t i c  s u l f u r  rznges from k 0  t o  aC$ i n  most cases ,  and t h a t  the s G f e t e  
s u l f u r  is 2 very small p a r t  of t h e  t o t a l .  The writer has mde similar b ~ a ~ r s  w;lic:1 
a r e  c o t  presented here, of sulfur forms from c e r t a i n  o t h e r  s t a t e s  i r c l u d i n g  Iode ,  
Kentucky and Tennessee. I n  a l l  of t h e  cases s tudied,  t h e  sulfur in  coa ls  c c n t e i r -  
ing 0.55 sulfur or less was almost e n t i r e l y  organic ,  wi th  p y r i t i c  sulPr b e a i m i n g  
t o  snow up a t  about. 0.5 or  0.6% t o t a l  sulfur. . 

The w r i t e r  has prepared numerous o ther  graphs for  s p e c i s i  g m o s e s  Yhich 
show t h e  frequency d i s t r i b u t i o n  of var ious coa l  cons t i tuents  and ?iyfsiczi p c o e r  ties 
by rank of coa l ,  c o a l  bed, geographical  area, e t c .  However, no addl'iional gra;3hs 
w i l l  be presented here  s ince  readers  w i l l  usua l ly  be i n t e r e s t e d  i n  s p e c i a l  ceses 
which they can bes t  s e l e c t  and graph f o r  themselves. 

Tzncis i n  Ash and Sul fur  Contents 

Not much~systematic information has been published on broad t r e r d s  i n  the  
ash and sulfur contents of commercial coa l  shipments. Since there a r e  mre than 
8,000 
s i z e s  of coa l  d i f f e r i n g  i n  a s h  and sulfa- contents ,  t h e  c o l l e c t i o n  znd s t a t i s t i c c l  
treatment of  such i n f o m a t i o n  vould be very cos t ly ,  and probably not worth t h e  
e f f o r t .  

coa l  mines operat ip4 i n  27 states, and s ince  most of  t h e s e  d n e s  sh ip  severa l  

Leading coa l  producers i n t e n s i v e l y  s tudy the c h a r a c t e r i s t i c s  of t h e i r  
coa l  reserves ,  including washabi l i ty  by ava i lab le  methods, and they regular l j -  t e s t  

ava i lab le  t o  them and they  may analyze shipments or' coa l  received.  
much information on coa l  zsh and sulfur percentages i n  company f i l e s ,  which ap$ies 
t o  s p e c i f i c  cases .  , 

. t h e  q u a l i t y  of coa l  shipsed. Larse coal  users  s tudy  t h e  c h a r a c t e r i s t i c s  o f  coals  
Thus there i s  

The l a c t o r s  which w i l l  a f f e c t  ash  and sulfur s i e c i f i c a t i o n s  f o r  p e r t i c u l a r  
uses i n  the  fu ture ,  and t h e  fdture a v a i l z b i l i t y  of coals t o  met  such spec i f ica t ions ,  
a r e  much too complex f o r  d i scuss ion  here. 
out  f o r  each s p e c i f i c - c a s e ,  depending on t i e  technica l  and reg iona l  economic f a c t c r s  
That a r e  involved. 

Sound decis ions w i l l  have t o  be worked 
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The Ifnited S t a t e s  hes enornous coa l  reserves  -- n e a r l y  one t r i l l i o n  tons 
' 

of recoverable c o a l  according t o  t h e  la tes t  estimate of the  U. S.  Geological Survey., 
T h i s  is eo-uivalegt t o  ?.boat 1900 years  supply a t  the present  rzte of U. S .  coal  
consimgtion. These reserves  igclude huge t o m a g e s  of both low sulfur a d  hi& 
s u l f u r  coals ,  of lo:$ 2sh acd Ugh  ash  coa ls ,  of coMng and non-coking coa is  -- 
i n  f a c t ,  c o a l s  of  a i l  rad&. 

However, the many grades and ranks of c o a l  do not  a l l  OCCUT i n  the sane 
region,  end f r e i g h t  c o s t s  limit t h e  d i s t a n c e  t o  which a given coa l  w i l l  be  shipped. 
P u r i t y  s g e c i f i c z t i o n s  f o r  coa l  f o r  a p a r t i c u l z r  use are not  absolute  values ,  but  
ere ins tead  s t r o n g l y  inf luenced by the na ture  of t h e  coals  t h a t  are economicnll;: 
a v a i l a b l e  i n  the  a r e a ,  and the cur ren t  s t a t u s  of t h e  u s e r ' s  tec,hology. 

About 6% of t h e  bituminous c o a l  produced i n  t h e  U. S. is  mecha?zically 
cleaned, 2nd t h e  Dercentage i s  increas ing .  There is g r e a t  a c t i v i t y  i n  c o a l  preQara- 
ticjn reseerch 50th  i n  t h e  U. S. and many fore ign  count r ies .  The w r i t e r  i s  confident 
t h a t  i n  t h z  decades ahead, U. S .  coa l  reserves  w i l l  prove adequate i n  quant i ty  ar?d 
q u a l i t y  t o  meet the expected need fo r  increas ing  tonnages of s p e c i f i c a t i o n  coal .  
Ccrtinued technologica l  progress  in t h e  mining, prepara t ion  and use or' c o e l w i l l  
so lve  problem which my arise. 
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$ ASH - AS RECEIVED BASIS 

Fig. 1 - Ash Contents of Typical Coals of the United States,  
Including All Ranks. Analyses from R e f .  1 (1942) 

$ SUIFUR - AS RECEIVED BASIS 

Fig. 2 - Sulfur Contents of  Typical C o a l s  of  the United States,  
Including A l l  Ranks. Analyses from Ref. 1 (1942) 
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$ ASH - DRY BASIS 

Fig. 3 - Ash Contents of  Coals of A l l  Ranks Purchased for Federal 
Government Use - 1956. Analyses from Ref. 2 (1957) 

Fig. 4 - Sulfur Contents of Coals of A l l  Ranks Purchased for Federal 
Government Use - 1956. Analyses from Ref. 2 (1957) 
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$7 SULFUR - A s  RECEIVED BASIS 

Fig.  5 - Estimated Tonnage of Bituminous Coals of  Various Su l fu r  
Contents Produced i n  t h e  Eastern H a l f  of t h e  United 
S t a t e s  - 195). Data estimated from Refs. 1 and 3 
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$ TOTAL SUE?vR - AS -8ECEIVED BASIS 

F i g .  6 - suuur  F O ~  i n  OHIO Coab--wge i n  Organic, Pyritic ana sulfate 
Sulfur at  Various Total Sulfur Percentages. 
samples from 16 counties and 9 coal beds. 

Represents tipple 
Analyses from Ref. 4 
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$ TOTAL SULFUR - DRY BASIS 
Fig. 7 - Sulfur Forms i n  ILLINOIS Coals--Range i n  Organic, Pyritic and 

Sulfate S u l f u r  at Various Total  Sulfur Percentages. Represents 
face samples (some from inact ive mines) from 36 counties and a l l  
colrrmercially important beds. Analyses from Refs. 5 and 6 


